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[54] Title of the patent:: Preparation method of styrene-butadiene block copolymer 
[57] Abstract 



The present invention relates to a process for producing styrene-butadiene random block 
copolymer. Random block is generated after non-elastic block is formed during anionic polymerization 
15 of styrene-butadiene that is initiated by organolithium and elastic structural-regulated block is finally 
formed. By use of lithium-base polymer chain with active end, which is created by coupling of 
alkoxysilicon compound, at this time, a styrene-butadiene random block copolymer with star structure 
is generated. 



Claims 



1. A process for producing styrene-butadiene block copolymer using 
tri-alkoxysilicon compound as coupling reagent, or producing random block 
copolymer of formula (S-S^^-BiJm-X^Bi-Ba/S-SiJn using polycyclic oxide 

5 (such as epoxidized polybutadiene, epoxidized soybean oil, epoxidized 

flaxseed oil), polyester (such as adipate), halide (such as silicon 
tetrachloride), polyisocyanate (such as benzene-1 ,2,4^riisocyanate), 
polyamine, polyketone, polybase, and anhydride (such as pyromellitic 
- anhydride) as coupling reagent; which characterized in that the 
10 styrene-butadiene random block copolymer with star structure is generated 

by using tri-alkoxysilicon compound as coupling reagent. 

2. The process of claim 1, which characterized in that said random block 
copolymer with star structure can be represented by formula (S-B'/S-B'^-X, 

15 wherein S represents polyethylene aromatic hydrocarbon block, B' 

represents conjugated diene block, B'/S represents random copolymer block 
of monovinyl aromatic hydrocarbon and conjugated diene, n is an integer 
between 3" 4, X represents residue of coupling reagent. 

20 3. The process of claim 1 , which characterized in that the monovinyl aromatic 
hydrocarbon is styrene, the conjugated diene is 1 ,3-butadiene, and the 
initiator is s-butyl lithium. 

4. The process of claim 1, which characterized in that the structure of said 
25 tri-alkoxysilicon compound is R-Si(OMe) 3 , wherein R is C1-C12 straight chain 

alkyl, cycloalkyl and aryl. 
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Specification 



Preparation method of styrene-butadiene block copolymer 

The present invention relates to a process for producing styrene-butadiene 
block copolymer, which comprises using tri-alkoxysilicon compound RSi(OR) 3 as 
5 coupling reagent to couple active polymers containing random blocks. 

There are many methods reported in the prior art for producing 
styrene-butadiene block copolymer. As described in US Patent No. 3880954, 
after polymerization of styrene and butadiene successively, active chains of 
styrene and butadiene blocks are coupled by methyl trimethoxy silicane to 

10 prepare copolymer; Another copolymer as disclosed in Japan Application 
Laid-Open Sho 63-92629 is expressed by formula 
(S-SiHB^-BOm-X^Bi-B^S-SiJn, wherein X is multifunctional group, m and n are 
integers equal to the functionality of X, and their values are between 3 and 20 
(mOn), S and Si represent copolymer blocks of vinyl aromatic hydrocarbon 

15 monomer, B 1 represents conjugated diene elastic block which present in an 
amount of no more than 20% of the copolymer, B/S 2 and B2/S represent random 
blocks of vinyl aromatic hydrocarbon and conjugated diene, or blocks with 
degressive vinyl aromatic hydrocarbon in copolymer of vinyl aromatic 
hydrocarbon and conjugated diene. In this method, polycyclic oxide (such as 

20 epoxidized polybutadiene, epoxidized soybean oil, epoxidized flaxseed oil), 
polyester (such as adipate), halide (such as silicon tetrachloride), polyisocyanate 
(such as benzene-1,2,4-triisocyanate), polyamine, polyketone, polybase, and 
anhydride (such as pyromellitic anhydride) are used as coupling reagent. 

The impact strength of block copolymers produced by the above methods is 
25 not satisfying. When elevating the impact strength, the overall performances are 
significantly declined. 

The object of the present invention is to provide a process for producing 
styrene-butadiene random block copolymer using tri-alkoxysilicon compound as 
coupling reagent, so as to improve the impact strength and transparency of 
30 resin. 

To achieve the above object, the present invention provides a block 
copolymer of formula (S-B/S'-B'^-X, wherein S represents polyethylene 
aromatic hydrocarbon block, B/S' represents random copolymer block of vinyl 
aromatic hydrocarbon and conjugated diene, B' represents conjugated diene 
35 block, n is an integer between 3" 4, X represents residue of coupling reagent. 

In the process of the invention, non-elastic (resinic) chain block is produced 
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♦ 

firstly. And 70" 95% of vinyl aromatic hydrocarbon is added into a polymerization 
kettle, after contacting with organolithium initiator and stirring for 20" 60 minutes, 
the vinyl aromatic hydrocarbon is transformed into a non-elastic chain block with 
an active lithium atom end. Thereafter, the residual mixture of monovinyl 
5 aromatic hydrocarbon and conjugated diene is added into the kettle, wherein the 
conjugated diene presents in an amount of 80" 99%. After reacting for 5" 120 
minutes at 0"110D, random copolymer block of monovinyl aromatic 
hydrocarbon and conjugated diene is formed. The monomer mixture can be 
added into the reaction kettle successively (feeding speed should be lower than 
10 reaction speed); random reagents, such as tertiary amine, thioether, cyclic ether, 
can also be used; or both of the above two means can be applied to insure the 
formation of random block. Subsequently, residual 1" 20wt% conjugated diene is 
added and transformed completely to form butadiene block. 

Finally, coupling reagent is added to couple the polymer chains having 
15 active lithium end, thus, a star-shaped block copolymer is obtained. 

The conjugated diene monomer of the present invention contains 4" 6 

carbon atoms, including 1 ,3-butadiene, isoprene, 2-ethyl-1 ,3-butadiene, 

2,3-dimethyl-1 ,3-butadiene, 1 ,3-pentadiene, and mixture thereof, wherein 
1 ,3-butadiene is preferred. 

20 Monovinyl aromatic hydrocarbon monomer of the present invention contains 

8" 12 carbon atoms, including styrene, 0-methyl styrene, p-ethenyl toluene, 
m-ethenyl toluene, o-ethenyl toluene, 4-ethyI styrene, and mixture thereof, 
wherein styrene is preferred. 

In the present invention, polymerization process is performed in 
25 hydrocarbon solvent, in the suitable temperature range of 0"110D , under the 
pressure of 2" 4 Mpa, and the reaction mixture is substantially maintained in 
liquid phase. Exemplary hydrocarbon solvent includes straight chain alkane and 
cycloalkane, such as pentane, hexane, octane, cyclohexane and mixture thereof, 
wherein cyclohexane is preferred. 

30 Small amount of polar compound, such as tetrahydrofuran, can be added 

into hydrocarbon solvent to increase the reaction activity of alkyl lithium, such as 
n-butyl lithium. At the same time, the polar compound can function as random 
reagent. The dosage of polar compound is 0.01" 1.0 phm (portions of polar 
compound added into per 100 portions of monomer), the optimum range is 

35 0.02" 0.1 phm. 

The initiator used in the invention is organolithium compound with a general 
formula of RLi, wherein R is C 4 -C8 alkyl, cycloalkyl or aryl. The preferred 
initiators are n-butyl lithium and s-butyl lithium. 
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Polymerization reaction is performed under substantially oxygen-free and 
wateHree conditions, preferred in inert atmosphere. After the reaction is finished, 
the system is treated by a method of adding C0 2 and water which is well-known 
in the art, to improve color and haze. Before evaporating the solvent, antioxidant 
5 is added, such as 2.6.4, 1010, TNP, 330 etc. They can be used independently or 
in combination. 

Before processing into molded product or sheet material, this resin can be 
blended with various additives. 

The resin produced in the present invention has high impact strength, and 
10 its elongation rate is greater than 200%, the polymerization period can be 
reduced by four times, and its transparency reaches the level of like products. 

The product performances of the styrene-butadiene random block 
copolymer produced in the present invention are listed in Table 1 . 

15 Table 1 Main performances of styrene-butadiene random block copolymer resin 



Performance 


Tensile 
strength 


Impact strength 
(Mpa) 


Brinell 
hardness 


Elongation 
rate 


Transparen 
cy 


Haze value 

% 


sample 


(Mpa) 


Ditch 


No ditch 


N/mm 2 


% 


% 


ASTM 


GB1 040-79 


GB1 043-79 


HG2-1 68-6 
5 


GB1 040-7 
9 






Formula 1 
















91-5-K-9 


30.3 


2.5 


25.5 


92.0 


74 


87.9 


10.1 


91-5-K-12 


29.3 


1.7 


19.0 


90.0 


64 


88.0 


10.5 


Formula 2 
















91-6-K-2 


24.7 


3.6 


20.3 


76.0 


136 


88.6 


9.5 


91-6-K-3 


24.6 


3.2 


15.7 


78.0 


120 


88.7 


8.5 


Formula 3 
















91-10-K-6 


30.3 


4.9 


61.5 


73.6 


245 


89.0 


5.1 


91-1-K-1 


30.0 


6.2 


48.0 


73.6 


238 


88.7 


5.7 


Formula 4 
















90-5-K-9 


29.0 


4.8 


33.0 


93.0 


130 


84.7 


13.6 


90-5-K-11 


23.0 


4.2 


22.0 


92.0 


142 


85.7 


8.0 


Note 












Transmissio 
n sheet 

OsOcm 

2 cm thick 


Transmissio 
n sheet 

0 50 cm 

2 cm thick 
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Polymerization reaction and coupling were carried out in a 14 L stainless 
reaction kettle; C0 2 and water were added into a 16 L stainless posMreating 
kettle to treat the colloid liquid. The sequence of feeding and the components are 
described as follows: 

5 Step 1: 5500 g cyclohexane, 0.68 g tetrahydrofuran, and 1100 g styrene 

were added into the 14 L stainless reaction kettle respectively. After being stirred 
homogeneously, 2.13 g (0.033 mol) butyl lithium was added. Then the 
temperature was elevated to about 80D , and the pressure was controlled to be 
1" 2 Mpa, and the time for polymerization was 30" 50 minutes. 

10 Step 2: 4450 g cyclohexane, 400 g styrene, and 490 g butadiene were 

added into a 5 L stainless batching kettle respectively. After being stirred 
homogeneously, the mixture was fed into the 14 L reaction kettle slowly. Then 
the temperature was elevated to about 80D , and the pressure was controlled to 
be 2" 4 Mpa, and the time for polymerization was 5" 120 minutes. 

15 Step 3: 20" 1 00 g cyclohexane and 1" 20 g butadiene were added into the 5 

L stainless batching kettle respectively. After being stirred homogeneously, the 
mixture was fed into the 14 L stainless reaction kettle. Then the temperature was 
elevated to about 80D , and the pressure was controlled to be 2" 4 Mpa, and the 
time for polymerization was 30 minutes. 

20 Step 4: Prepared coupling reagent [14 g cyclohexane, 1.66 g MeSi(OMe) 3 ] 

is fed into the 14 L stainless reaction kettle. Then the temperature was elevated 
to about 90D , and the pressure was controlled to be 2" 4 Mpa, and the time for 
coupling was 60" 80 minutes. 

Step 5: The colloid liquid was fed into the 16 L stainless post-treating kettle, 
25 then 60 g water and 0.15 m 3 C0 2 were added. The reaction time was 10" 20 
minutes. 

Step 6: An antioxidant (1"5wt% of dry colloid) was added into the 16 L 
posMreating kettle, and reacted for 10" 20 minutes. 
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